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“Herb had it all put together at least 40 years ago [i.e., in1949, or earlier♥] - … . The central 
idea is bounded rationality – there are limits on man as a decision maker and these limits, 
especially those of cognitive processing in all its varied forms, loom large in man’s 
behaviour. … This central scientific proposition has remained without revision.” 
Newell, 1989, p. 400; bold italics, added. 

 

 

 

 

 

 

 

 

 

 

                                                
♣ The meaning of ‘classical’, in this context, is explained in Kao & Velupillai (2015). Classical 
Behavioural Finance Theory will be referred to, in the sequel, as CBFT. 
♥ I suggest, ‘at least 45 years ago’, which makes it ‘1944, or earlier’ (see Simon, 1991, p. 83 & 87 ff., 
despite Takahashi, 2015). 
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Abstract 
Behavioural Finance Theory is a modern approach to finance theory – 

which, in turn has three wings in its standard versions: the theory of 

finance based on subject expected utility theory, in conjunction with the 

efficient market hypothesis theory (with Bayes’s rule as an auxiliary 

assumption for updates); the Shafer-Vovk approach via the use of Ville’s 

arithmetic game version; and that which is based on the work of 

Bachelier, Osborne and Mandelbrot which is called the Econophysics 

vision. Dissatisfaction with the theoretical, empirical and experimental 

fundamentals of these three approaches has led, in the last quarter of a 

century, to the development of the field of modern behavioural finance 

theory. This is based on the early work of Thaler, Tversky and 

Kahneman. In this paper, this view is contrasted with the prior work of 

Herbert Simon, and is called Classical Behavioural Finance Theory. 

 

JEL Codes: C63, C64, D83, G02,   

Key words: Finance theory, Behavioural Finance, Arithmetic Games, 
Intuitionistic Constructive Mathematics, Econophysics, Classical 
Behavioural Finance Theory. 
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§ 1. Introductory Quasi-Historical Notes 
“[I]t really seems as though old Hegel, in the guise of the World Spirit, were directing history 
from the grave and, with the greatest conscientiousness, causing everything to be re-enacted 
twice over, once as grand tragedy and the second time as rotten farce … .” 
Engels, Letter to Marx, 3 December, 1851; italics added 
 
 

There are, broadly conceived, four1 powerful and substantial approaches to (Mathematical) 

Finance Theory – whether in an aggregative or disaggregative form.  

 

I shall characterise the first as the theory of finance underpinned by the conjunction of 

subjective expected utility (SEU) and the efficient market hypothesis (EMH), buttressed by 

the stochastic calculus of Ito (stochastic) integrals and, hence, largely based on the formalism 

of stochastic differential equations. Barberis & Thaler (2005, p.1) refer to this approach as 

‘the traditional finance paradigm’ and that ‘which seeks to’: 

“[U]nderstand financial markets using models in which agents are ‘rational’.” 

 
They add that this ‘rationality means two things’: firstly, these ‘rational agents’ behave in 

consonance with the tenets of ‘Bayes’s Law’2, in updating their ‘beliefs’, as ‘new’ relevant 

information arrives sequentially. Secondly, these ‘rational agents’ act consistently with the 

postulates of SEU. 

 

Secondly, closely related to the first, but eschewing the orthodox probabilistic framework, 

whether subjective, logical or objective, is the work pioneered by Shafer and Vovk (2001), of 

mathematical finance theory, with a basis in Kolmogorov’s algorithmic complexity theory. 

This, in turn, has its origins in von Mises’s attempt at characterising place selection functions 

– of a rigorous selection of a particular sequence - Ville’s definitive demonstration of 

lacunae in the von Mises definition and the resulting emergence, in this work, of defining 

martingales in terms of the impossibility of a gambling system, violating a concept of fair 

                                                
1 There is also the formally Constructive (Bishop-style, but supplemented by Markov – algorithmic 
methods – approaches) Finance theory, but it is not behavioural in any sense in which this term can 
be interpreted. I shall return to this theme in the concluding section. 
2 My acquaintance with this celebrated result is as Bayes’s Theorem, Bayes’s Rule or Bayes’s 
Postulate (De Finetti, 1970, p. 13; Feller, 1968, p. 124; Savage, 1972, p. 44, ff)) – but never as 
‘Bayes’s Law’. I am, moreover, not convinced that theoreticians of ‘modern behavioural finance’ 
have fully mastered the subjective/personalistic probability bases of de Finetti and Savage, 
particularly with respect to the distinction between finite and countable additivity of the events over 
which these two kinds of probabilities are defined by these two pioneers (cf. in particular, de Finetti, 
ibid, §. 3.11 & Savage, ibid, p.44.  
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game in a two-person, full-information, alternating sequence – i.e., an Arithmetic Game. The 

Ito integral, avoiding the Ito lemma, via a deft use of heuristic arguments, enables Shafer and 

Vovk to derive an Arithmetic Game variation of the Ito stochastic integral and, hence, the 

finance theoretic stochastic differential equation (Shafer & Vovk, 2001, ch. 14).  

 

In a nutshell, this kind of Arithmetic Game approach, without a basis in any notion of 

probability at its foundation, is founded upon two precepts: 

§ That which is the centrepiece of the von Mises concept of the fundamental nature of a 
random sequence, summarised by his ‘slogan’: Erst das Kollektiv - dann die 
Wahrscheinlichkeit (von Mises, 1972, p. 21; see also p.30). 

§ The idea of incompressible sequences, from algorithmic or Kolmogorov complexity 
theory, which in turn is based on recursion (or computability) theory and with an 
assumption of the Church-Turing Thesis (Li & Vitanyi, 1993, p. 95, ff.). 

 

Thirdly, there is the lineage that emanates from Louis Bachelier (1900), developed by Maury 

Osborne (1959) and Benoit Mandelbrot (1963). Brownian motions, Fractal structures and 

stable3 distributions (Feller, 1971, p.169, ff.) of the dynamics of sequences of financial 

variables, viewed as generated by random mechanisms, is at the basis of this approach. 

Although interesting, and even iconoclastic, ultimately it is a reaffirmation of the ‘traditional 

finance paradigm’, albeit with ‘new’ mathematical tools.4  

 

Finally, I come to the ‘new’ financial paradigm of Behavioural Finance, paying close 

attention to Thaler’s important observation (Thaler, 2005, ed., p. xi, footnote: 
“Behavioural economics (of which behavioural finance is a subset) builds upon (does not 
replace) standard economic analyses.’ 
 

Thaler is considered – for Thaler (1980) - the ‘founding-father’ of Modern Behavioural 

Economics (MBE), see Camerer, et.al., 2004, p. xxii5. The reason for referring to MBE as a 

‘bicycle-repair-shop’ for ‘correcting anomalies as counterexamples’ [ibid, p.6; italics added], 

                                                
3 ‘Stable’ in the special sense in which is defined by Feller (op.cit.). This is not the definition – static 
or dynamic – that is usually invoked in (every kind of ) economics, micro, macro, game theoretic or 
even from the point of view of non-game theoretic industrial organization theory. Neither is it the 
kind of definition used by experimental economists – say Plott. 
4 See Theorem 1 in the mathematical appendix to this section. Incidentally, Maury Osborne is, 
arguably, (one of) the founder(s) of Econophysics. 
5 They claim (in 2004!), in addition, that (op.cit., p. xxi, italics added): 

“Twenty years ago [i.e., 1984], behavioural economics did not exist as a field.” 
I suppose Thaler (1980) is ‘the first genuine article in modern behavioural economics’ (ibid, p. xxii) is 
only true in hindsight! Herbert Simon and Ward Edwards must be ‘turning in their graves.’ 
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with modified versions of the same tools and concepts of ‘standard economic analyses’, is 

Thaler’s above observation.  

 

Thaler (1993, p. xvi) adds, perhaps ‘with tongue in cheek’, that ‘[orthodox] financial 

economists did not know how to spell the word anomaly.’ The phrase ‘anomalies as 

counterexamples’ strengthens Thaler’s observation, if ‘counterexamples’ are interpreted in 

terms of (classical) analysis (Gelbaum & Olmsted, 2003) – but this is different from 

Brouwerian ‘counterexamples’ in constructive mathematics (van Dalen, 1999). 

 

One additional infelicitous – if not an outright incorrect - claim by Thaler should be 

mentioned. In the opening paragraph of Thaler (1993, p, xv; italics added), it is claimed: 

“[A] reading of a standard finance textbook …. can create the impression that financial 
markets are nearly devoid of human activity. There is great attention to methods of computing 
important numbers … and even a primer on how to price options. But virtually no people. 
Very little in the text would be changed if all the people in both the corporate sector and the 
financial sector were replaced by automatons.”6 

 
First of all, trivially, there is a rigorous distinction between ‘nearly’ and ‘all’ – but let that 

infelicity pass. Secondly, and more seriously, Thaler makes an incorrect assertion about 

automatons – not something Simon ever made; it is not true that ‘very little … would be 

changed if all the people … were replaced by automatons’. Whether ‘little’, ‘very little’ or 

‘any’ difference is made, depends entirely on the kind of automatons used, for replacing 

nearly all, or all, the people. Thirdly, related to the second incorrect assertion, the kind of 

behavioural finance advocated by Thaler & co., is as cavalier about the foundations of the 

methods of computations used to ‘compute numbers’. 

 

In fact, all of the so-called agents populating behavioural finance can be replaced by suitably 

defined automatons! Where they cannot be so ‘replaced’, the ambiguity of the predicted 

solutions would not be very different from those of the ‘standard paradigm’ for financial 

economics. 
 

On the whole, I subscribe wholeheartedly to the Gigerenzer/Gaissmaier (2011, p.452), 

characterisation of behavioural finance as being based on the ‘heuristics-and-biases program’ 

of Tversky & Kahneman (1974), which is founded upon the ‘two-systems theories of 
                                                
6 This is analogous, but not equivalent, to Simon’s criticism of the neoclassical emphasis on firms and 
its negligence of a theory of organisations and the motivations of ‘people’ who are behavioural actors 
within these institutions (Simon, 1991). 
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reasoning’ (ibid, p.452)7. This is akin to Clower’s dual-decision hypothesis in questioning the 

Walrasian microfoundations of Keynesian macroeconomics (with exceptional rigour) – 

except for five crucial ad hockeries in this alternative to the standard paradigm of the 

individual’s mind to be underpinned by: 

• the psychological foundations of this ‘heuristic-and-biases’ program; 
• the probabilistic – and, hence, theoretical statistics – bases of the Tversky-Kahneman 

program; 
• the inattentive details of the (mathematical) logic, that reason is supposed to be 

disciplined by; 
• no basis, in any of the computational exercises or experiments, in any kind of rigorous 

theory of computation – whether of the recursion theoretic, interval arithmetic, the so-
called scientific computation, constructive or the idea of computation over a ring of 
integers (associated almost exclusively the Smale-school’s attempt to link dynamical 
systems and complexity theories) view points – and, hence, vacuous as a basis for any 
kind of complexity theoretic pronouncement; 

• thoroughly inadequate integration of bounded rationality and satisfiability in an 
‘optimal’ decision theoretic framework; 

 
These five ad hockeries do not exhaust the analytic infelicities of the framework of 

behavioural finance. Despite these infelicities, and an adherence to the discredited 

falsifiability hypothesis of Popper, the practitioners – and theorists – of behavioural finance 

are recommended (sic!) a four-step ‘recipe’8 for ‘this line of research’ (Camerer, et. al., ibid, 

p.7). 

 

Finally, it is easy to show, by recursion theoretic arguments, that it is impossible – i.e., 

algorithmically undecidable - to construct preferences, even if they are finitely countable, 

contrary to the claims of behavioural finance theorists (eg., Payne, et.al., 1992). 

 
Mathematical Appendix to § 1.  

“There are numerous other paradoxical beliefs of this society [of economists], consequent to 
the difference between discrete numbers … in which data is recorded, whereas the 
theoreticians of this society tend to think in terms of real numbers .. . No matter how hard I 
looked, I never could see any actual real [economic] data that showed that [these solid, 
smooth, lines of economic theory] …. actually could be observed in nature … . 

If you think in terms of solid lines while the practice is in terms of dots and little 
steps up and down, this misbelief on your part is worth, I would say conservatively, to the 
governors of the exchange, at least eighty million dollars per year.” 
Osborne, 1977 [1995], pp. 16-35; italics added. 

 

                                                
7 All the other concepts – for eg., framing, representations, etc., - are, at best, positive heuristics, in 
the sense of Lakatos. 
8 The use of the word ‘painstakingly’ is gratuitous, in the second-step of the implementation of the 
‘recipe’ (although the time sequence of the four-step recipe is unclear). 
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Osborne’s perceptive observation should be taken seriously – but is not done so by any of the 

four ‘paradigms’ mentioned above. In the statements of the two theses below, it is assumed 

that the financial data that being analysed is depicted as sequences.9  

 

The Church’s Thesis10: 

Every formalizable rule is reducible to a recursive procedure.11 

Remark 1: 

‘Formalizable’ in the strict metamathematical sense, for example as in Kleene (1967). It is 
possible, with this version – of the one popularly known Church-Turing Thesis – it may be 
possible to encapsulate even Simon’s notion of Heuristic Search Processes. It may be noted 
that I have avoided using the notion of effectivity and calculable in the statement of this 
thesis. 
 

Remark 2: 
 

Gandy’s important caveats to what Church and Turing had in mind (sic!) is worth 
remembering (Gandy, 1980, pp. 123/4; italics added): 
“Both Church and Turing had in mind calculation by an abstract human being using some mechanical 
aids (such as paper and pencil). The word “abstract” indicates that the argument makes no appeal to the 
existence of practical limits on time and space. The word “effective” in the thesis serves to emphasize 
that the process of calculation is deterministic - not dependent on guesswork - and that it must 
terminate after a finite time.”  
 

Remark 3: 
 

Simon’s construction of computer programs, for human problem solving, made sure that 
machine implementation was not ‘abstract’ – i.e., ‘the existence of practical limits on time 
and space’ was explicitly acknowledged, but he did work with deterministic processes of 
calculations that terminated after a finite time. This was the primary reason for Simon’s 
Heuristic search processes was not underpinned by any form of the Church-Turing Thesis. 
 

Remark 4:  
‘Termination after a finite time’ – or, equivalently, search spaces that were finitely 
 constrained – did not mean countably infinite sequences only, in the case of Simon. 

 
The Kolmogorov/Chaitin/Solomonoff/Martin-Löf Thesis: 

Every random sequence is reducible to an algorithmically irreducible arithmetic sequence, 
and these sequences are (at most) countable infinite. 

Remark 5: 

The sequences have to be countably infinite and recursively enumerable but not recursive. 

                                                
9 If they are to be considered random sequences, then they are subject to the von Mises ‘slogan’, made 
rigorous by Kolmogorov/Chaitin/Solomonoff/Martin-Löf thesis, above– which may be called a 
theorem, if the concept of thesis – or natural law, as Emil Post referred to it – is pushed ‘back’ to 
another foundational level. ‘Law’, here, is not meant in the same sense of Thaler’s reference to 
Bayes’s Law. 
10 I would have preferred to state this thesis as Turing’s Theorem, separating it from Church’s Thesis 
(as in Gandy, 1982), but for reasons of space – the proof of the theorem would require a 
disproportionate amount of space - and simplicity, I refrain from doing so. See also footnote 8. 
11 This is a modified version of Beeson’s (1985, p. 55) statement of the rule. 
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Theorem 1: 

Only incompressible sequences are capable of representing no arbitrage behaviour by 
rational agents. 

Proof:  

By standard definitions of the italicised terms. 

Corollary 1: 

The Efficient Market Hypothesis (EMH) is relevant only for incompressible sequences. 

Proof (Outline); 

It is easy to show (sic!) – rigorously12 – that any economic concept of efficiency is non-
effective in the sense of computability theory. The statement of the Corollary follows 
immediately. 
 

Corollary 2: 

The Efficient Market Hypothesis is uncomputable. 

Proof (Outline): 

There are two ways to prove this Corollary. Either by way of using the idea of the non-
effectivity of any economic concept of efficiency; or, by considering a ‘market’ as playing a 
game – in the sense of Shafer & Vovk - against nature. 

 

§ 2. Heuristics13 as a Basis for CBFT in Human Problem Solving 
“The "all-or-none" law of these activities, and the conformity of their relations to those of the 
logic of propositions, insure that the relations of psychons are those of the two-valued logic of 
propositions. Thus in psychology, introspective, behavioristic or physiological, the 
fundamental relations are those of two-valued logic.”  
McCulloch & Pitts, 1943, p. 131; italics added. 

 
McCulloch & Pitts, Selz and Polya form the triptych that were cognitive psychological 

foundation upon which Simon (together with Newell) explored decision procedures – 

optimal or not - as Human Problem Solving exercises of discovery, with heuristic search 

strategies, buttressed by experimental studies of perceptions, in suitable representations. The 

cognitive psychological foundations of human problem solving was circumscribed by the 

rational economic person’s bounded rationality, implementing decision procedures, 

constrained by14 seeking satisficing – not necessarily optimal - outcomes15. I should add that 

                                                
12 I don’t think I have a complete formal grasp of what this term means! 
13 I have been greatly helped by reading N. Dharmaraj’s contribution to the Herbert Simon Birth 
Centennial Special Issue of Computational Economics, and for invaluable instruction on the nature 
and scope of the origins of Heuristics in the work of Allen Newell & Herbert Simon. I believe his 
arguments lend support to my interpretations. 
14 The constrained by is, in my interpretation, the stopping rule of the heuristic search processes that 
discover proofs (of theorems), laws (Newton’s, Kepler’s Kirchhoff’s), and so on. It is literally the 
stopping rule, say, of a Turing Machine – except that Simon does not (and never did) work within the 
framework of the Church-Turing Thesis. 
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Simon never referred gender neutrally to rational administrative man, the rational 

organisation man or the rational economic man. He contrasted the bounded – or limited – 

rationality of these concepts with the Olympian Rationality (Simon, 1983, p. 19) of orthodox 

economic theory. 

 

Due to the Camerer, et. al., (ibid, p. xxii and Kao & Velupillai, op.cit) claim of Thaler (1980) 

being the origins of modern behavioural economics, I have referred to Simon’s way of doing 

– and defining (Simon, 1955) – behavioural economics as classical. In this spirit, and 

consequent upon Thaler’s definition (see above) of (modern) behavioural finance (MBF, 

henceforth) as a subset of (modern) behavioural economics, I shall refer to Simon’s 

alternative as Classical Behavioural Finance Theory (henceforth referred to as CBFT). 

 

Although I agree entirely with the Gigerenzer/Gaissmaier characterisation of behavioural 

finance as being based on the ‘heuristics-and-biases program’ of Tversky & Kahneman 

(1974), founded upon the ‘two-systems theories of reasoning’(see above), it might be useful 

to point out that the fleshing out of this program was in terms of perceptions, representations, 

framing, and so on – which I have referred to as the ‘positive heuristics’, in the Lakatosian 

sense, of MBF. 

 

It pains me, therefore, to know that practitioners and theorists at the frontiers of MBF either 

have no knowledge of Simon’s pioneering, early – and sustained – contributions to these 

auxiliary concepts to his computational cognitive psychological bases for CBFT, or seem to 

belittle its relevance, even for MBF. 

 

I shall only refer to some of the classic work by Simon – experimentally, theoretically and 

empirically – on these auxiliary concepts, like representations, framing, perceptions, verbal 

protocols, and the like – whilst requesting the reader to remember that Simon never 

formulated theoretical problems without assuring their solutions, after examining the 

                                                                                                                                                  
15 I completely disagree with the downplaying of bounded rationality and satisficing, bordering on 
rank inaccuracies, in the references to these two concepts (and the notion of procedural rationality) in 
Camerer, et. al., (op.cit, for eg., p.4 & p.38) and Barberis & Thaler (2005, for e.g., p.2). Incidentally, 
although Barberis & Thaler refer to Arrow (1986), in the context of rationality assumptions being 
(in)sufficient for predicting (individual) behaviour (ibid, p. 64), they have obviously missed the point 
about ‘the assumption of computability’ in economic hypotheses – I would add, also, behavioural 
finance theoretic hypotheses – as ‘the next step in analysis’, in the concluding paragraph of this 
pioneering paper (Arrow, op.cit., p. S398).  
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experimental or empirical limitations of their impact on individual and collective actions – 

for example, in the latter case, within well-defined Organizations (March & Simon, 1958; 

1993). 

 

As for representations, framing and perceptions, I can do no better than refer anyone 

interested on examining Simon’s pioneering – and priority – writings and work to Simon 

(1977), particularly, to the last two chapters in section 4, the first three chapters of section 516 

and the first five chapters of section 6. In particular, I hope it is noted that the first chapter of 

section 6, on the Axioms of Newtonian Mechanics, was published in 1947 – the same year as 

the first edition of Administrative Behavior!  

 

As for perceptions, and the cognitive mechanisms that were called forth so that the 

psychological underpinnings of behaviour could be bared, I can do no better than refer to the 

chapters in sections 5 & 6 of Models of Thought, Volume 1 (Simon, 1979). Whereas, at least 

in the ‘early work [of] Kahneman, Tversky, and others [of MBE persuasion] viewed 

cognitive biases as judgemental kin of … optical illusions’ (Camerer, et. al., p. 13; italics 

added), Simon, with experimental ingenuity and theoretical originality showed how such 

apparent ‘illusions’ – as the Neckar cube, the Reutesvärd-Penrose & Penrose and Escher 

impossible diagrams17 – could be explained, by re-interpreting (i.e., re-framing and using, if 

necessary, oblique coordinate systems) the representations of re-framed perceptual 

mechanisms of the structure of cognitive architectures. These exercises are beautifully 

explained in the first chapter of section 6 of Simon (ibid). 

 

                                                
16 Whilst noting that chapter 4 of this section is a reasoned critique of the English version of Popper’s 
falsification ‘manifesto’ on The Logic of Scientific Discovery. Incidentally, in view of the 
importance of Gödel’s eventually unpublished manuscript on Carnap (Rodríguez-Consuegra, ed., 
1995, pt. II, ch. 4), it is useful to know that this book is (partly) dedicated to Rudolf Carnap (whose 
mild manner was no match for Popper’s aggressive behaviour). 
17 To the best of my knowledge Simon was not aware of the priority of Oscar Reutesvärd over 
Penrose & Penrose. I may take this opportunity to note that I bought one of the celebrated impossible 
triangle drawings of Reutesvärd from the great man himself, more than 45 years ago, and lectured on 
such ‘illusions’ as theoretically difficult dynamical system problems of perceptual mechanisms, 
because of non-linearities. I had, then, in the early 1980s, very little mastery of the connections 
between dynamical systems and knots – a link that was fruitfully and brilliantly exploited by Alan 
Turing in his past published work (Turing, 1954). Reutesvärd himself explained the origins of his 
lifelong preoccupation with drawing a variety of impossible diagrams in terms of Japanese 
perspective – which is very different from ‘Western’ perceptual mechanisms. 
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Experimental work in perceptions, following the work of Adrian De Groot, and the Dutch 

school, was in terms of interpreting – again with appropriate representations and re-framing – 

eye-movements, in committing to memory CHESS positions and movements, by the play of a 

variety of Grand Masters against lesser able players. Chapters 3, 4 and 5, of section 6 in 

Simon (ibid) are exemplary examples of what can be learned, and then used in re-

programming machines ‘who’ can learn to play ‘against’ Grand Masters, at their own, or 

approaching that, levels. This was, of course, an application of Simon’s evolving attitude and 

mastery of programming in an Artificial Intelligence context of learning and an expertise of 

machines endowed with this ability. It was not brute-force application of memory powers of 

machines that was being exploited in his programming of learning machines – and this is why 

I say that he would have welcomed the recent results in CHESS and GO, of Machines 

prevailing over Kasparov & Sedol. 

 

I come, now, to the key concept that underlies CBFT - HEURISTIC. There many ways in 

which this concept has been defined, used – and even abused. I am tempted, following 

Machlup (1958), to call it a ‘weaselword’ – akin to the way words like structure, dynamics, 

stability, linear, non-linear , emergence, complexity and so on, are used, and misused, in 

microeconomics (and macroeconomics).  

 

I shall, however, not – for now – give in to temptation! The term has been used fruitfully, in 

many scientific contexts. In my own opinion, the way the concept of heuristics was used by 

Appel & Haken, in their computer-aided-proof of the celebrated 4-colour-conjecture (Saaty 

& Kainen, 1986; 1977), was closest to Simon’s way of applying it in search processes for 

problem solving. That there was no reliance on any version of the Church-Turing Thesis, in 

the algorithms Appel and Haken devised is an added factor in the similarities between the 

way Simon used the notion of heuristics in constructing search processes over spaces that 

were large. Again, the way Appel and Hagen restricted the nodes that had to be examined, by 

means of heuristical limits (whose fertility and ‘correctness’ was evidenced by their ultimate 

success in ‘proving’ the conjecture) was very similar to the way Simon used the bounded 

rationality of agents and institutions, who were satisficing – not necessarily optimising. 

 

In Gigerenzer & Gaissmaier (op.cit., pp. 454/5), there is an excellent discussion of heuristics 

as applied in behavioural economics, in general, and in behavioural finance in particular. 

They go on to a felicitous definition of the term as follows (ibid, p. 454; italics added): 
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“A heuristic is a strategy that ignores part of the information, with the goal of making 
decisions more quickly, frugally, and/or accurately than more complex methods.”  
 

They are careful to add the caveat, (ibid, p.454) that the above definition is adopted, pro 

tempore, for the purposes of the Review in question. For my purposes, this ‘definition’ must 

be understood in conjunction with the equally important observation by Gigerenzer & Selten 

(2001, p. ix; italics added): 

“Bounded rationality, needs to be, but it is not yet, understood.” 

But, surely, successful formalization – consistent with Simon’s theoretical strictures and 

empirical constraints – is one way of understanding the concept? Moreover, the concept itself 

cannot be understood, in what I call the Simon-sense, without also a concomitant formalized 

definition of satisficing. I believe I have tried to achieve these aims, with some success – in 

the sense that it has enabled me to study some of Simon’s procedures and approaches to 

heuristic search, in spaces of definably large computational complexity, to solve decision 

problems (cf., Velupillai, 2010, chapter 2). 

 

Finally, I must also point out that Simon’s boundedly rational agents, satisficing in their 

heuristic search processes over (quantitatively) large feasible spaces, acting as human 

information processers, did so in a non-stochastic setting: 
“The models describe individuals, so that the hard part is to say with precision what is 
common to all human information processors. With this approach it does not seem natural to 
assume that human behaviour is fundamentally stochastic, its regularities showing up only 
with averaging (as in statistical learning theory); rather, like Freud’s dictum that all 
behaviour is causal seems the natural one, and only reluctantly do we assign some aspects of 
behaviour to probabilistic generators.” 
Newell/Simon, 1972, p. 10; italics added. 

 
Finally, it must be remembered that Simon worked in the domain of propositional logic – 

although he had definite views on extending his solutions to predicate logic – and, hence, 

implicitly accepted Gödel’s completeness theorem and Church’s undecidability result for this 

logic.18  

 

I can, then, conclude this section with a ‘thesis’, an assumption and a theorem: 

 
Simon’s Thesis: 
 

                                                
18 See the fruitful triptych that the mind uses to try to solve problems, which eventually leads to 
Gigerenzer & Gaissmaier (op.cit., p.452) characterising MBE as the ‘heuristics-and-biases program’. 
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Heuristic Search Processes over problem spaces of boundedly rational human agents, are 
constrained by satisficing – i.e., there is ‘natural’ stopping rule for the computational 
processes that are implemented. 

 

Assumption 1: 

All sequences considered by Simon are choice sequences in the Brouwerian constructive 
sense. 
 

Remark 6:  
Hence, the sequences confronting Simon’s information processing systems, implementing 
search processes, are uncountably infinite. 

 
Hence: 
 
Theorem 2: 
 

Simon’s boundedly rational agents, satisficing, are equivalent to the creating subject of 
Brouwerian constructive mathematics. 

 
Proof: 
 

First, it must be noted that the thesis and assumption ensure that no notion of an algorithm is 
used in the statement of the theorem. Second, the constraints on the rational agent imposed by 
bounded rationality and satisficing is equivalent to those imposed on the activities of the 
creating subject in Brouwerian constructive mathematics. The conclusion of the theorem 
follows. 

 
Thus the boundedly rational agents, satisficing, are creating subjects implementing heuristic 

search processes in discovering solutions to decision problems in Classical Behavioural 

Finance Theory. Nothing can be further from the ‘heuristics-and-biases’ program of Tversky 

and Kahneman, which is the guiding principle of modern behavioural finance theories. 

 

§ 4. Vistas for a Future for CBFT 
“With recent developments in our understanding of heuristic processes and their simulation  
by digital computers, the way is open to deal scientifically with ill-structured problems - to 
make the computer coextensive with the human mind. ….  . 
The revolution in heuristic problem solving will force man to consider his role in a world in 
which his intellectual power and speed are outstripped by the intelligence of machines. 
Fortunately, the new revolution will at the same time give him a deeper understanding of the 
structure and workings of his own mind.  
Simon & Newell, 1948, pp. 9-10; italics added. 
 

Before I conclude with the Vistas for a Future for CBFT, I must tackle the issue of 

Constructive Finance Theory, mentioned in footnote 1, above. The fundamental theorem of 

asset pricing is the fulcrum around which the constructive development of reverse 

mathematics can be considered a contribution to mathematical finance theory. The theorem 

itself is stated as follows: 
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Fundamental Theorem of Asset Pricing: 

The absence of an arbitrage trading strategy is equivalent to the existence of a martingale 
measure. 
 
Remark 

• p ∈ P is a Martingale measure, if A . p = 0; where: P = {p ∈ ℜn | !!!
!!!  = 1 and 0 < pi , ∀i }.		

• A is an ℜm
×
n matrix where each entry of the matrix, aij is given by the difference between the 

price at ‘time’ 1 minus that at time 0, of asset i in case j. 
• ξ ∈ ℜm is an arbitrage trading strategy if ξ . A > 0. 

 

Now, the absence of an arbitrage trading strategy is (formally) equivalent to the impossibility 

of a gambling strategy and, hence, the existence of a martingale measure, in the former case, 

is the same as the existence of incompressible sequences.  

 

In other words, the fundamental theorem of asset pricing is equivalent to the existence of the 

impossibility of a gambling system, in the strict sense of Shafer & Vovk. 

 

The definitions of a martingale measure and that of incompressible sequences are not based 

on heuristic search processes and, hence, have nothing whatsoever to do with classical 

behavioural finance theory (and, of course, even less with MBFT). 

 

Three of Simon’s important priorities must be remembered, if CBFT is to be developed in a 

sense faithful to the developments he would have envisaged.  

 

Firstly, it must be emphasised that Simon thought of Microeconomics as one, unified, 

subject. He never differentiated it between behavioural microeconomics and any kind of 

general microeconomics – and similarly for behavioural finance, although he may have 

agreed with the latter being a subset of the first of the former two. And, for him, there was no 

question of doubting that both of these subjects were subsets of the broader filed of cognitive 

psychology, in general, and the study of the nature, structure and scope of the thinking mind. 

 

Secondly, he would have continued to enrich both behavioural economics and behavioural 

finance theories, empirically, experimentally and theoretically, by studying generalizations 

and extensions of the metaphors of chess, cryptarithmetic and the Tower of Hanoi as 

cognitive psychological paradigmatic examples. He called the three, respectively, as the 

‘sweet peas’, Drosphilia and E. coli of cognitive science’ in Simon 1989, p. 394 (italics 
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added). Thus, he would have welcomed – both for its own achievements and as an example 

of what he stood for, in making the study of one’s own mind deeper – from the point of view 

of cognitive psychology - by the advancing powers of intelligent machines – the successes of 

AI-based19 machine models of CHESS and GO, against Kasparov and Sedol. 

 

Thirdly, he believed, and acted on the belief, in Alan Turing’s celebrated aphorism – in a 

postcard to Robin Gandy, in 1954, he wrote: 

“Description must be non-linear, prediction must be linear.” 
 
 
Almost all his living life, he worked with descriptive, adaptive (i.e., capable of), computer 

programs that were linear – without ever forgetting that a generalization to non-linear 

descriptive models was both desirable and necessary. Hence, the emphasis on linear 

deterministic difference equations as formally equivalent to the dynamics of adaptive 

computer programs he – together with many collaborators, to solve diverse problems – 

constructed. Hence his expressed disinterest in the celebrated P 	  question – since it is a 

non-issue in the case of linear dynamical systems. 

 

However, towards the end of his life, particularly in his essay in memory of The Legacy of 

Alan Turing20 (Simon, 1996) and in the Raffaele Mattioli Lectures (Simon, 1997, especially 

pp. 174/5), Simon broached, and took firm initial steps, towards non-linear descriptive 

models of human behaviour in microeconomics, based on a variety of cognitive 

psychological structures. 

 

These three generalisations to heuristic search processes, where boundedly rational and 

satisficing agents, as information processing systems, solving human decision problems, 

transform – progressively – ill-structured problems to the domain of solvability of well-

structured problems. 

 

                                                
19 After all, Simon was one of the founders of an enlightened, humane – if not also human –variant of 
Artificial Intelligence, at the historic Dartmouth Conference, of 1956. 
20 He concluded this essay with the memorable observation (ibid, p. 101): 

“If we hurry, we can catch up to Turing on the path he pointed out to us so many years ago.” 
What was the ‘path [Turing] pointed out to us so many years ago’, if not the one on which Simon 
walked – sometimes ran – and many of us still shun, for it is non-smooth and ill-lit.  
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This is the path that Herbert Simon showed us – especially for classical behavioural 

economics and classical behavioural finance theory. If we hurry up, we may catch up to him, 

still walking on that path – but way ahead of us. 
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